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DELHI MUSEUM ASTRONOMICAL 
INSTRUMENTS. 


rnHE Director General of Arc'liiuoloov rccentlv purcliasc'd lioiii a rt^sidiaii of 
Delhi tliree astrolabes and a. small brass (-(‘lestial splina. wliicli have 
now been placed in the Dellu ^Iiiseum. ()1 tliest‘ insti‘uni(‘]Lt s the spln-re is 
inscribed with the maker's name and date as follows : Din nf-Dln M nDnunnid 

tb)i MnllCi Qdsin^ Mnlia})}}aad ib}t RCifiz Rm ihn Shaikh AUdhddiL II >na(~ujUHJ, 
Sana 108 D 

This ])ers(m a])pears to have belonged to a familv of asti'olala' m.d<ers 
of Lahore. He himself was the maker of tlie verv aeeurate inst jamaaits sliown 
in figures 6 and 19 of my Astronomical Ohscrrafoncs oj Jai Snajh. and an unrle 
of his. deseribed as ^fuliammad ^Iiiqim ibn ‘Tsa ibn Allalidad. rsturlrda llunia- 
yuni of Lahore, made in A. II. 1053 an instrument now in the ])os.Ne>-^ion of 
Sir. Lewis Evans. ^ and there is another of his instruments, dated Adi. lOTn. 
in tlie British l\Iuseum.“ 

2. A one of the three Delhi astrolabes bears either the makei' s name or 
any date, but, as will be shown below, such instruments, when aceuratelv eon- 
structed. bear (dear evidence. ])ased u])on the precession of tlu' e(j]ii]iox(*s. of 
the period of con-^truction. The known liistorv of the instruments.'^ tlu* date 
on the small S])here which accomjjanies them (a])proximately A.D. lOTfi), and 
their general design are other factors bearing on the period of theii* co]i>truc- 
tion. The oldest of these Delhi astrolabes is inscribed in Kfitic chaiact(‘rs and 
belongs to the thirteenth century A.D. ; aimther belongs to tlie end of the 
fifteenth century; and the third, which is inscribed in Devanagail cliaractrns, 
belongs to about tlie end of tlie seventeenth century. All these in>truments 
contain many details of astronomical and arcliajological interest. Tlie work- 
manship on two of the astrolabes is excellent ; while the third, althougli of 

^ To whoiQ I jun iinU'l>Tr(l for ,tii excollrnt ]'liotucrraph of llic niiiient. 

^ Xiimber 12 ot thf uii]»uMi-hr‘(l kindly hut to mu by Sir ITurcnIu> Read. 

® The lato owiuT of tliu inaiinnunts states that In'. cTrat-Erruat-^rrandfatluT 'w.i- kuunh iutmustod 
in tho sciencp of tlio luMvuiily }^f)dio^‘ and tliat ’ M.inrw lieru in tbu ITtli caiitury A.lb ho (oll. itcd tbo 
astroIabc>. together with an uxcullent selection of a'-tronomical hturatuie.' 


n 
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much cruder design than the others, is possibly one of the earliest inscribed 
in Devanagari characters. 

A. Thirteenth Century Astrolabe inscribed in Arabic ( Kufic) characters. 

3. This is a brass instrument o-7 inches (14-2 cm.) in diameter, and 2 mm. 
thick. Besides the body of the instrument, termed the ymm or mater, ^ it con- 
sists of only the 'anhihiit {arctnea or rcte) and the sightcr or alhidade, and is 
inscribed with Kufic characters. The 'ankabut has 29 shazdya or star points 
each inscribed with the name of a star, and the ecliptic circle graduated and 
inscribed with the twelve names of the signs of the zodiac.- Of the 29 shazaya 
eleven have white metal bosses, and there are also four larger bosses which 
serve as handles for rotating the ‘ankabut. The venter or inner surface of the 
mater is engraved with a projection of the celestial sphere. The rim is gra- 
duated in degrees, which are numbered in groups of five up to 360, starting 
from the top or south point and proceeding through the west j^oint on the 
right, the north and east in order. The back of the instrument has the upper 
half of the rim also graduated in degrees. The upper two C[uadrants of the 
back contain a Zarcjali action of a portion of the sphere ; the lower left 
quadrant contains a graphic table of sines ; and the edge of the lower right 
c[uadrant is inscribed with a shadow scale. The alhidade or sighter has two 
fixed sighting pieces, each with two sighting holes. The alhidade appears to 
have been made later than the rest of the instrument and is not graduated. 
The workmanship is excellent throughout except for some a 2 :)parent mistakes 
in numbering the graduations ; but the metal has become slightly pitted in 2 :»arts. 
The instrument was made about A.D. 1280. Such is a description of the in- 
strument in bare outline, which requires anqrlification in certain directions. 

4. The ‘anJiahilt.’ — The o^ren net-work disc, exam^des of which are shown in figures 
1, 3, 5 and 10, is by the ^Muslims appropriately termed ‘ ankabut ’ (‘ spider ’) or sha- 
bakah ( net ) and by mediaeval western scholars aranea or rete. It is essen- 
tially a star majr of the heavens and always includes the ecliptic, and can be 
rotated. It is reticulated in order to render the co-ordinates marked on the 
disc below visible. Each shaziyya (‘ .splinter ') or denticulus marks the positions 
of a star, generally with a considerable degree of accuracy. Right ascension 
may be marked by lines joining the centre to the graduated circumference ; declina- 
tion circles are sometimes given as in figures 7 and 11 ; the graduations on the 
ecliptic circle give longitudes, and a special disc containing projections of circles 
of latitude and longitude is sometimes provided (Figure 8). 

The names and jrositions of the stars on instrument A are given below, 
together with their modern names where there is no doubt about the identi- 
fication, and also the positions according to Ulugh Beg. The names are ex- 
plained in the annexed glossary. 


The traditional nomenclature is both Arabic and medi»val Latin. This is confusing but car.uot 
now be well avoided. Even in Chaucer’s time the mixture was in evidence. 

^ These names are the same as those given in paragraph 18 below. 
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Star List of Astrolabe A. 


Name on the instru- 
ment. 

! 

1 

1 

Modern name. 

Magni- 

tude. 

MEXT. 

L LUG 

H i)£G. 

Lat. 

Long. 

DdY.' 

No. 

in 

Baily. 

Long. 

Lat. 

Long. 

1. 

Matu Qltus 

! 

i 



\2\ 

= 

' ' 

D 

' 

0 / 


2. 

Ghul . 

i 26/3 

Persei, Algol 

2-6 

47 

— 22 

48 55 

— 22 

0 

1 55 

201 

3. 

Dabariln 

: 87a 

Tauri, Ahkharan , 

M 

60 

— 5 

62 31 

— 5 

15 

2 31 

.391 

4. 

'Aiyuq 

i 13a 

Aurigie. Capelhi 

0-2 

i o 

j — 22 

74 43 

—22 

42 

1 43 

221 

5. 

Qadain al-Jauza . 

19/3 

Orionis, Rigel 

0-3 

69] 

-32 

6!i 25 

—31 

18 

—0 5 

764 

6. 

Manklb 

oSa 

Orionis, BtteJgeiu' . 

1-0 

80 

—17 

81 13 

—16 

45 

I 3 

732 

7. 

Al-'Abur . 

9a 

Canis, Majoris. 

— 1-6 

95 

—39 

96 19 

-39 

30 

1 19 

815 




Sirius. 









8. 

Gliumaisa > 

10a 

Cams Minoris, Pro- 

0-5 

106 

—16 

108 22 

— 16 

0 

O 0.0 

845 




cyon. 










Yad al-Dubb 

9t 

Ursa? Majoris 

... 

113 

4-30 

114 55 

+ 29 

21 

1 55 

20 

10. 

Zabaiia 

65a 

Cancri 


120] 

—5 

125 40 

— 5 

21 

4 30 

451 

11. 

'Unq al-8huja’ 

30 a 

Hydra*, Alphanl . 

2-2 

138 

—21 

139 31 

22 

30 

1 31 

902 

12. 

Rijl . . 

. 33a 

Ursae Majoris 

... 

129 

30 

131 40 

-29 

45 

2 40 

28 

13. 

Qalb . 

32a 

Leonis, Eegnlvs 

1 1*3 

I 

140 

... 

142 13 

'f-O 

9 

2 13 

466 

14. 

Janah al-Ghurab 

4y 

Corvi . 

1 

1 

... 

i77y 

—13 

182 46 

—14 

18 

5 16 

92S 

15. 

AI-A‘zaI 

67a 

Virgin is, Spica . i 

i 

! 1-2 

194 { 

2 

196 10 

2 

9 

2 10 

507 

16. 

QaTd . 

S5y] 

Ursae Majoris 


170 1 

+ 55 

169 10 

+ 54 

9 

— 0 50 

35 

17. 

Al-Ramih . 

a 

Bootis, Arcturus . 

j 

’ 0-2 

j 

195 

+ 31] 

196 31 

4-31 

18 

1 31 

110 

18. 

Fakkah 

5a 

Cor. Borealis, Al- : 

2-3 

210] 

+ 46 

214 34 

444 

30 

4 4 

111 




phecca. i 

1 








19. 

‘Unq al-Haiyah . 

28.3 

Serpentis . . ; 

i 

220 

1 +34 

222 13 

+ 34 

15 

2 13 

264 

20. 

Qalb al-‘Aqrab 

21 a 

Scorpii, Anfares 

1-2 

241 

j 

' —3 

242 16 

—4 

30 

1 16 

550 

21. 

Al-Hawwa . 

?27«' 

Ophiuchi . . j 

! [ 

; 2-1 1 

244 1 

+ 32 

243 :o 

+ 32 

0 

—0 20 

232 

22. 

Waq'i 

3a 

L\T8e, Vega . . , 

: 0-1 

276 

+ 64 

278 19 

+ 62 

0 

2 19 

148 

23. 

Al-Tair 

53a 

Aqiiilse, Altair 

j 0*9 

291 1 

1 +30 

294 10 

+29 

15 

3 10 

286 

24. 

Ridf* . 



... 

338 ' 

' +61 






25. 

Zanab al-Jadi 

40y 

1 

Capricorni . . j 

... 

311 

2 

314 13 

—2 

30 

3 13 

620 

26. 

K‘ab al'Faras 

?10/<- 

Pegasi . . . 1 

••• 

326] 

+ 38 

331 31 

+36 

27 

5 1 

332 

27. 

Mankib 

53,3 

Pegasi, Slieat 

i 

! 

350 

; +31 

351 37 

+30 

51 1 

1 37 

315 

28. 

Khadib 

' 11/3 

Cassiopeiae . 

2*4 

20 

+ 50 

28 1 

-^50 

48 ' 

8 1 

?188 

29. 

Zanab Qitus 

i 


! 

348 

—6] 



1 

1 



B 


0 


* The point appears to have been broken. 
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The Age of Astrolabe A. 

5. In consequence of the precession of the equinoxes the positions of the 
stars relative to the line of equinoxes (AB in figure 10) varies in the different 
instruments according to the period for whicli they are constructed. Thus, if 
an astrolabe is accurately made, it contains in its star map engraved on the 
‘ankabut a definite record of the date of its construction. Since, however, the 
prece.ssion of the equinoxes approximates to 50-2 seconds of arc in a year,* and 
since the error in reading any individual star position may amount to as much 
as, say, half a degree, our estimate of the age of an instrument may be out 
by a few years ; but, within reasonable limits, the estimate is reliable. Xot all 
the stars are of equal value for this purpose of comparison. The better known 
stars were presumably the more correctly located, and for the purpose of com- 
parison those not very far from the ecliptic are perhaps the more suitable. 
Also it is convenient to compare the star positions as recorded on the instru- 
ment with a record of not too distant a date ; the types of error on the in- 
strument are likely to be similar to those of a catalogue of the period, etc. 
These considerations have led to the use of Ulugh Beg's catalogue as a stand- 
ard of comparison. Ulugh Beg's records are not perfectly accurate but we now 
know the amount of 'inaccuracy in each case,^ and the catalogue gives longi- 
tudes, which are much more convenient for comparison than the right ascensions 
and declinations given in modern catalogues. 

Since the instrument error may amount to about half a degree it is useless 
for us to consider the effect of the proper motion of the stars. The average 
error in longitude of Ulugh Beg's records is about — 12 minutes, and tluis would 
make but little appreciable difference to our estimate. Since latitude does not 
vary with precession the latitudes on the instrumenr and those given in Ulugli 
Beg's catalogue should be nearly the same. We thus have a criterion of accu- 
racy of the instrument, and the latitudes as compared in the above table show 
that the degree of accuracy claimed for the instrument is in no way exaggerated. 

The following list gives the longitude of each of the identified stars on the 
instrument whose distance from the eclq^tic is not more than 30 degrees, and it 
shows the difference in longitude between the record on the instrument and 
that of Ulugh Beg. 



O I C / 1 o 


2. 

Algol, 26/3 Persei 


• 

12*6 

47 

48 

55 1 

1 

55 

3 

Aldebaran, 87 cl Tauri 


• ' 

M 

60 

i 

1 62 

31 1 

2 

31 

4, 

Capella, Aurigte 

> . 

. 

0'2 ! 

73 

1 

1 74 

43 

1 

43 


^ The gon'^rally accepted value is 50’i56 — 0*000J2k:T secoi-ds, vliere T is the niimtjcr of years before 
A.D. iOOO. 

2 See the admirable edition of Ulugh Beg’s Star Catalogue by Mr. E. B. Knolel, recently publisbi d 
by the Carnegie Institution of Washington. 


o 


LONGITrDE. 


Magnitude. — 

On instrument Uluj^h Be^r. Difference. 





1 ' 


/ 

0 

, 

6. 

Betelgeux, 58a Orionis 

1-4 

80 

81 

13 

1 

13 

8. 

Procyon, 10a Canis Minoris 

0-5 

; 100 

108 

22 

9 

i 

22 

13. 

Regulus, 32a, Leonis 

1-3 

140 

142 

13 1 

2 

13 

15. 

Spica, 67a Virginia 

1-2 

104 

lOG 

10 1 

' 2 

10 

20. 

An tares, 21a Scorpii 

1-2 

i 

242 

10 

1 

10 

23. 

Altair, 53a Af[uilA} 

0-9 

1 

201 

204 

10 

*> 

10 


The average difference in 

longitude 

is a])])roximately 

2^ 

3'. which 

corrcj 


ponds very nearly to — 148 years. Ulugh Beg's catalogue was constructed in 
A.D. 1437 and the rough process followed gives A.D. 1289 as the approxiu a.te 
date of the instrument. The method of calculation is. however, open to cri- 
ticism. All the stars selected have not the same values for purpose of com- 
parison. If. for example, we had excluded all stars of less than the first magni- 
tude, the resulting date would have been A.D. 1270. in s])ite of the positive 
precession shown by number 5 {j3 Orionis). Also we might, with justification, 
have taken the ' mode ’ instead of the ‘ average ' of the differences ; we have 
neglected the proper motions, Ulugh Beg's errors, etc., etc. 

The following table gives a comparison of three of the best known stars at 
greater intervals : — 


LoXUITUUE. : DiriEREXCE. 

i ! 


' 

1 

Instrument. 

B. 

Ptolemy. A.D. .78 

( 

1010. 

1 

1 

1 

A— C. 




0 . 

i 

1 a / 

i 

j / 

Aldebaran 

60 

42 40 

68 38 

[ -l-17 20 

-^S 38 


. ; 140 

122 30 

148 42 

+ 17 30 

' —8 42 

Spica 

. ' 194 

176 40 

202 43 

+ 17 20 

—8 43 


The averages of these differences of longitude give about +1250 and — 622 years 
approximately; and the resulting dates are 58+1250 or A.D. 1308, and 1919 — 622 
or A.D. 1287. 


B. Astrolabe inscribed in Arabic (Naskhi) characters, circa A.D. 1500. 

6. This is a plane astrolabe of the ordinary type, made in brass gilt. Its 
diameter is 3-75 inches (=9-5 cm.) and it is -3 inches or 7 mm. thick, and is 
inscribed in naskhi characters. It contains, besides the ‘ankabut, six plates, in- 
scribed on both sides with sex-partite projections for certain latitudes, and other 
special projections. The venter is blank. The ‘ankabut has 18 points, to only 16 
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of which, however, star names are attached ; and it has the usual ecliptic circle 
inscribed with the names of the signs of the zodiac’^ and graduated. The ‘an- 
kabut has been broken in two- and rather clumsily repaired ; the left top part 
is the more modern and is slovenly engraved. The obverse rim of the mater 
is graduated in degrees and is numbered in groups of five up to 360, starting 
from the top and proceeding clock-wise. The reverse is beautifully engraved : 
the edge is graduated in degrees, each quadrant being numbered separately 
from 5 to 90. The inner space of the left top quadrant contains graphs of the 
unequal or temporal hours ; that of the right top quadrant a graphical table 
of inverse sines and consines ; the left bottom quadrant contains what may be 
described as a set of polar co-ordinates ; the remaining quadrant shows square 
and circular shadow scales. The alhidade or sighter has two fixed sighting 
pieces with single sighting holes. The workmanship, except for the repaired 
portion of the 'ankabut, is excellent throughout, and the gildiirg has helped 
to preserve the engraving. 


Star List of Astrolabe B. 






Ulugh 

Beg. 

Name on Instrument. 

Modern name. ' 

M agnitude. 

' 



— 




1 


Long. 

Lat. 

Long. 

Lat. 


1 

i 


0 

c 

o , 

C / 

1. Dabaraii 

870- Tauri, Aldcbaran 

M 

63 

— 5 

02 31 

— 5 15 

2. Rijl . 

19/3 Orioiiis, Bigel 

0-3 

70 


69 25 

—31 18 

3. Yad • 

58a Oriouis, Betelgeux 

1-0 

82 

-Ki 

81 13 

— 16 45 

4. Yamam‘h 

9a Canis Majoris, Sirius 

~-l*6 

97 

—36 

96 19 

—39 30 

5. Shamih 

10a Cams Minoris, Procyon 

0*5 

109 

—14 

108 22 

—16 0 

6. Fard . 

30a Hydrae, Alphnrd . 

2*2 

UO 

—21 

139 31 

—22 30 

7 Qalb . 

32a Leonis, Peguhis . 

1-3 

1 

U2 

0 

142 13 

1 ' 

+0 9 

8. A‘zal . 

' 67a Virg nis, Spica . 

1 

1 F2 

198 


196 10 i 

—2 9 

9. Kamih 

a Bootis, Arctiirus 

0*2 

197 

+33 

j 

i 196 31 

+ 31 18 

10. Fakkah 

\ 1 

5a Coronae Borealis, Ah ! 
phecca. 

2*3 

1 

219 j 

! 

+47 : 

214 34 

+44 30 

11. Qalb ai-‘aqrab 

! 21a Se.^^rpii, A7itares , 

1*2 

1 

2431 

—3 I 

242 16 

—4 30 

12. Hawwa 

55a Ophiuchi 

i 2*1 

258 

f 

+ 35 

1 

255 13 

+35 51 

13. Waqi' 

3a LjTse, Vega 

0*1 

280 

+ 69 

278 19 

1 

+62 0 

14 Tair® . 

53a Aquilse, Altair . 

0-9 

i 292 

1 

+28 

294 10 ; 

+30 0 

15. ® 


... 

; 314 

+27 

j 

... 

16. Kaffa - 


i 

1 349 

1 

+55 


... 


^ The names of the signs are the same as those given in paragraph 18 belo^v. 
2 At longitudes 15"^ and 255^ on the ecliptic circle. 

^ These are on the repaired part and are very badly engraved. 
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7. By the same process as in paragraph 5, from the following elements, we 
obtain an approximate date for astrolabe B. 




i 

Longitude. 




1 

j Maanitiide. 

Iiistru meat. 

Ulugh 

Beg, 

Dili'erence* 

1 





c 



L Aklebciran, 87ci 

Taiiri 

} 

1 M 

G3 

02 

31 

-0 2'J 

1. Regiiliis, o2a 

Lconis 

1 

' 1-3 

U2 

142 

13 

, —0 13 

8. Spica, 67ot 

Virgini.s 

1-2 

11)8 

11)0 

10 

1 ~1 50 

11. Aiitares, 21 a 

Scorpii 

1-2 

1 

243] 

242 

10 

-1 14 

1 


These stars give an average precession of — o3-2 minutes after the time of 
Ulugh Beg’s catalogue (A.D. 1437) or approximately A D. 1500. Or, as before, 
taking only those stars that are of not less than the first magnitude^ we have : 


— 

Magnitude. j 

Infetrunirui. 

Ulugli 

VmJ. 

. Li lien 'life. 

2. Rigel, 19o Orioiiis 

• i 

1 

0.3 j 

70 

09 

25 

1 

[ 

i -rO 35 

4. Sirius, 9a C'anis Majoris 

j —1-0 

97 

90 

m 

j ^rO 41 

o, Procyon, 10a Canis Minoris 

f 0*5 ' 

109 

108 

22 

: -0 38 

9. Arcturus, a Boot is . * . 

0-2 1 

197 

190 

31 ' 

-rO 29 

13. Vega, 3a hyrae .... 

0*1 i 

1 

2S0 

278 

19 I 

1 

1 

-1 41 


The average precession is here very nearly 49 minutes which gives A.D. 1495 as 
the approximate date of the instrument. 


The Tablets of Astrolabe B. 

8. There are six brass gilt tablets, each 3-2 inches (8-1 cm.) in diameter 
and about a millimetre thick. Each tablet is engraved on both sides with pro- 
jections of co-ordinates and other elements that can be used in conjunction 
with the ‘ankabut tablet. Of these projections nine are for latitudes from 0° 
to 40° ; one is nominally for latitude 90° and therefore gives declination circles ; 
one is nominally for latitude 66° 30' and therefore gives celestial latitudes ; 
and one is for horizons from 8° to 71°. On two of the surfaces double projec- 
tions are given, thus making foirrteen different projections in all. 

The theory and use of these projections will be described in due course, but at 
present formal descriptions only will be given. To facilitate this I have num- 
bered the tablets in a convenient order and have distinguislied the obverse 
and reverse of each by the letters a and h. 


1 Altair is omitted because the rcpa'red portion of the ‘ankabut, on wliich it lies, is very inaccurate. 
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!' is marked ha ‘ard S'^ (‘ for latitude 90°’) and is engraved with, declina- 
tion circles. These are concentric circles whose centre is the centre of the disc 
(north pole). The circles are numbered thus from the outer tropic : 

A B . C 

23 I 30 ' 18 I 12 I 6 6 : 12 18 ' 24 ' 30 I 36 42 ! 48 j 54 60 66 72 | 78 I (84) ' (90) 

where A is the tropic of Capricorn, B the equator and C the pole. The readings thus 
give positive and negative declinations. See figure 11. 

P is marked ‘ard istuica sd ‘dtali IB or ‘ zero latitude ; hours 12 ’ and 
exhibits co-ordinates for zero latitude. Ahnucantarats for every six degrees and 
azimuth circles for every fifteen degrees, and the 12 unequal or temporal hour 
lines are drawn and numbered. The two tropics (A and C) and the equator 
(B) are shown. See figure 12. 

ir is marked ‘ard IH sd‘dtah IJ-H or ‘ latitude 18 : hours 13-5.' Besides 
the almucantarats, azimuths and temporal hour lines, there are also the equal 
hour lines (dotted) : and the horizon is marked on the right al-maghrih (‘ the 
west ’). and on the left a.Irnashriq (‘ the east '). Figure 13. 

IF' is marked ba‘ard K sd‘utah IJ-IJ or ‘ for latitude 20° ; hours 13 — 13'.’ 
Otherwise it is exactly of the same type as XT'. Figure 14. 

Ill' is marked ‘ard KA-M sd'dtah IJ-KA or ‘ latitude 21° 40' : hours 
13 — 21'.’ (Note that 21° 40' N. was the generally accepted latitude of i\Ieeca.) 
Figure 15. 

IIF’ is marked ‘ard KJ su utalt IJ-KH or ‘ latitude 23° : hours 13 — 25'.’ 
Otherwise as the preceding. Figure 16. 

IV* is marked at the top ‘ard. KH scTdfah IJ-LB or ' latitude 25" ; hours 
13—34'.’ The azimuth lines are shown below the liorizon only, otherwise it is 
of the type of II and III. Figure 17. 

IV’ exhibits two independent sets of almucantarats and temporal hour 
lines only. At the top of the tablet is written ‘ard KH sadtaJi IJ-MW or 
‘ latitude 28° : hours 13 — 46,’ and the corresponding projection is given. At the 
bottom is written ‘ard L sadtah IJ-XW or ‘ latitude 30° : hours 13 — 56'.’ The 
east and the west are marked twice over, being reversed for the second pro- 
jection. See Figure 18. 

Y. Tablet Y is divided into two parts along the meridian line. Tliis jmr- 
mits the use of either of the projections with one of the special tablets. The 
actual projections are of the same type as 11 and III 

(a) is marked ‘ard LB sadtah 72)- IF or ‘ latitude 32° : hours 14 — 6'.’ 

Figure 19. 

(h) is marked ‘ard LW sd'dtah ID-KZ or ‘ latitude 36° ; hours 14 — 27'.’ 

Figure 20. 

VP. The obverse of this tablet is superficially of the same type as IV’’ 
i.e., there are two separate projections on the one surface. The upper projec- 


1 The Arabic letters u.sed as nuaierals are here tranylit crated by capital letters. The notation is given 
on plate VI. 
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tion is marked ‘ard M sadtah ID-NA or ‘ latitude 40° : hours 14 — 51'.’ The 
other projection is marked ha ard SW-L or ' for latitude 66° — 30'.’ It is thus 
a projection for the complement of the obliquity and shows celestial latitudes. 
In some instruments^ such a projection is marked as ’’ the measure of the 'an- 
kabut.’ Figure 21. 

VP is a ■ tablet of horizons {mfiltak dfdqiyah).’ There are the usual circles 
of the tropics and the equator, the meridian line and the east and west line, 
and there are four groups of horizon lines, each drawn for a separate latitude, 
and each group consisting of 16 horizons. (Figure 22.) Along the diameters of the 
disc these lines are numbered in Arabic numerals. ^ while along the circle of Capricorn 
they are numbered in the abjad notation. The groups are arranged thus : — 


8 

12 

16 


. 

. 60 

64 

68 

9 

13 

17 


• 

. 61 

65 

69 

10 

14 

18 


, 

. 62 

66 

70 

11 

15 

19 



. 63 

67 

71 


The following table summarises the elements given on these tablets ; — 



ja Jb j 

ir* j II 

! 

III’ 

ini' 

lya 


V 

V 


VI* 

VI^ 

Latitude. 

n 

O 

O 

18^”^ ^ 20^ 

2P 40' 

23^ 

25= 

28^ 

30" 32" 

! 36= 

40= 

66 V 

Hori- 


1 

! 

Mecca. 







1'^ " 

ZOILS. 

Longest Ifmirs . 

12 

1 

13 1 13 

13 

: 13 

13 

ri 

1 i 

' 13 14 

14 

11 



day. (a) i^MinntPS. 

0 

1 

5 j 13 

21 

i 25 

34 

I 46 

1 56 6 

27 

1 

51 




C. Hindu Astrolabe. 

9. The Hindu astrolabe (figures 5 and 6) is 7 inches or 17-2 cm. in diameter 
and -3 inches thick. It is of the same type as B but is inscribed in Devana- 
gari characters. Besides the ‘ankabut it contains two discs with the usual 
projections, but, apparently, it was made for three such discs. The T'enter is 
blank except for four names that appear to have been engraved there as memo- 
randa. 'The ’ankabut has 37 rjoints of wliich 21 only have star names at- 
tached, and one point is broken. The ecliptic circle is roughly graduated and 
is inscribed with the names of the 12 signs. The obverse edge is graduated 
in degrees which are numbered in groups of three starting from the east ])oint 
on the left and proceeding counter-clockwise. The back has only the upper 
edges graduated, the bottom edge being blank. The upper left quadrant con- 
tains a rough sine table ; the right quadrant is marked only with equi-distant con- 
centric quarter circles ; and the lower half contains the square shadow scale. 
The alhidade has fixed sighting pieces each carrying two sighting holes. Com- 
pared with A and B the workmanshqr of this instrument is extremely crude. 

^ S’.f/., figure 8 shows such a projectioi) wiih'li is inscribed Sajjkah nfizdn al-^nnl:ahfit or ‘ tablet of the 
measure of the 'ankabut. This particular tablet boJoiigs to the Jaipur ' B ^ a.strolabe .shown in figures 
6 and 8 of my Asfrovowirrd Obfitnatories of Jai Singh. 

“ This is the only tablet on which numerical symbols are employe<L In all otlicr Cc-uses the ahjad 
notation is used, 

(a) For the connexion between the longest day and latitude .see my Hindu AAronomg §64. 


0 
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star List of Astrolabe C, 



Xame on instrument. 

1 

Modern name. 

Instrument. 

Long, j Lat. 

Ulugh Beg. 

Long. Lat. 






Q 

o 

0 

/ 

Q 

/ 

1. 

StXmudrapakshii . 

• 

, ?8i 

Ceti .... 

3o6 

—11 

353 

55 

—10 

30 

2. 

3Ia niisliya?irsba . 

• 

. 26,3 

Persei, Alyol . 

54 

4-23 

48 

55 

4-22 

0 

3. 

Kohini 


. STiZ 

Tauri, AhUharan 

671 

] — 5 

62 

31 

— 5 

15 

4. 

Manu (broken) 

• 




i 

... 




3. 

Mitliuna dadakshina 

. 19^3 

( 

Orionisj Rigel 

71 

—301 

69 

25 

—31 

18 

6. 

Hasta 




82 

—11 



... 


7. 

Hithuna 




98 

-11 



... 


8. 

Ardra Liibdhaka 


. i Oct 

Canis Majoris Sirius 

97 

—39 

96 

19 

—39 

30 

9. 

Lubdhakabarudliu 


. ; 10a 

Canis Minoris, Procyon 

llOV 

—15 

108 

22 

—16 

0 

10. 

Magha 


. ; 32a 

Leonis, Regains . . j 

14.3 

-Of 

142 

13 

■fO 

9 

11. 

Uttara Phalguni 




151 

?-hl8 

... 


... 


12. 

Visakha 




150 

-r4S 

... 


... 


13. 

Matrimarhdala . 




180 

i +20 

] 



... 


14. 

Chitra 


1 

. ! 67 a 

Virginis, Spica 

201 

— u- 

196 

10 

2 

9 

15. 

Svati 


• ! ^ 

Bootis, Arctfirffs 

207 ■ 

1 +301 

i 

196 

31 

-431 

18 

16. 

Dlianuh koti 




245 

--31 

... 


... 


17. 

Abhijit 


. ' 3a 

J 

Lyrsp, Vega . 

280 

-61 

278 

19 

-462 

0 

18. 

Sravanah . 


. 53a 

Aquilie, Altair 

2t)6 

-29 

294 

10 

-429 

15 

19. 

Kakumdapuchba 


. ?50a 

Cygni, Deneb 

333 

-460 

328 

46 

-f-59 

42 

20. 

Asvanabha 


. 21a 

Andromedie . 

7 

4-26 

6 

28 

i 4-25 

21 

22. 

Purvabhadrapada 

• 



3 

+ 16 1 

1 



1 



10. Of these names 11 are names of nakshatras and their positions agree 
generally with the usual identifications d but Hasta does not refer to the nak- 
shatra of that name and here possibly indicates a hand of Orion. 31 if kuna 
is the name of the sign Gemini and 31itJmna. . .daJcsJiina refers to Eigel as south 
of that sign. Dhamis is also the name of a ' sign ’ and Danuh-l-oti, ‘ the end 
or tip of the bow,’ appears to be used appropriately. SamudrapaA'sJia, ‘marked 
with a fin,’ is possibly i Ceti ; 31anushyasirslia, ‘ a human skull ’ is equivalent to 
Ulugh Beg’s ‘ demon’s head ’; Ardrd Luhdhaha is said to be a name for Cauda 
Draconis, but here it marks Sirius ‘ the star in the mouth of the dog ’; Lub_ 
dhaka is the hunter in the EohinI myth^ and Luhdhaha-bandku is the hunter’s 
relation, and is applied to Procyon. 31dtrimandala is evidently meant to indi- 
cate the circle of latitude of Yirgo, on which the star lies. Kakumda'puchha 

' See my Hindu Astronomy^ Appendix II. 


* 76., Appendix L 
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possibly is meant as an equivalent of Cauda Cygni, but it is marked on the 
‘ankabut by a bird's beak. The term ASvandbha indicates some connexion with 
a celestial horse and is the principal star^ in Pegasus. 

Besides these star names are certain names written on the "ankabfit that are not 
connected with any pointer. Xear Eolimi is written Shanmiihlia, ' having six 
mouths,' perhajJS for Krittika (the Pleiades) ; on the extreme edge (long. 160'- 
170^) is inscribed ‘Kalcaslcnikdlia,' ‘ the crow's shoulder,' possibly for one of the 
stars of the constellation Corvus ; and on the ecliptic, near Capricornus, is (?) 
Dhanulisardcjum which possibly is to indicate the Mini or pointer at the top 
of the eclijitic circle. 

Some other names are engraved on the venter but appear to have no direct 
connexion with any part of the astrolabe : they are — 

Lamkayam ...... 0 

Adane . . . . . . . 11 

Tilamge . . . . . . . ?19 

Devagirau ...... 20-34 

These appear to be memoranda of certain latitudes, riz., Lanka 0. Aden 11, 
Tilahga ?19. Devagiri (the modern Daulatabad, the Tagara of Ptolemy) 20 34'. 

Lanka is the place of origin of the Hindu geographical co-ordinates, and is ‘ in 
Ceylon ': the latitude of Daulatabad is approximately 19" 51' X. and there is 
little doubt as to the identification; the latitude of Aden is 12'' 47' N. and 
the identification is possible ; Tilamga is doubtful. 

11. It would be futile to attempt to determine the age of such a crudely 
constructed instrument as this by means of precession. The average of the 
differences in longitude would have no value since the probable error is so 
great. But on general grounds we may suggest the end of the seventeenth or 
beginning of the eighteenth century as about the period of its construction. 

The Tablets of Atrolabe C. 

12. Astrolabe C has two tablets only, although from the depth of the rim it is 
conjectured that the instrument was made for three. P‘ is inscribed — 

22 Chhaya 5 Paramadinaih 33 30 

Karnah 13 Avaihtikayani 

which means ‘ (Latitude) 22, Shadow 5, Hypotenuse 13, Longest day 33 (ghatis) 
30 (palas), At Avanti (Ujjain).’ Alniucantarats for every three degrees are 
drawn and numbered. The unequal or temporal hour lines are drawn and also 
the equal hour lines, the latter, as in the Muslim instruments, being dotted. 
For the hour lines is only one set of numbers. The equal hour lines, of which 
only 12 are shown on this surface, are badly drawn. Apparently an attempt 
was made to count the equal hours both from sunrise and sunset ! No azi- 
muths are given. 

P is inscribed — 

Palaihsah 37 Paramadinaih 36 24 

Chhaya 9 
Karnah 15 


^ Now named a Azidromedae. 


c 
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which, may be read ‘ latitude 37°, longest day 36 (ghatis) 30 (palas), shadow 9, 
hypotenuse 15.’ On this surface the equal hour lines are drawn in tb.e normal 
fashion but not very accurately. Otherwise the tablet is the same as I". No 
town is mentioned and the latitude is well outside India. 

11“ is marked — 

Palariisah 23 Paramadinam 33 50 

Chhaya 5 6 Amadavad 

Karnah 13 3 

or, ' Latitude 23,’ longest day 33 (ghatis) 50 (palas) Shadow 5-6, hypoLenuse 
13-3, Ahmedabad. OtherAvise it is like P'. 

IP" is a tablet of horizons (similar to figure 22), but without any graduation 
numbers. 

The most interesting features of these badly drawn tablets are the names 
of the towns and the methods of expressing their latitudes (a) by degrees, (b) 
by longest days, (c) by the shadoAv of a vertical gnomon. The first tAvo me- 
thods are general but the third is peculiar. The A'ertical gnomon is supposed 
to be 12 units, or 720 minutes long ; and its noon-day shadoAv at the equi- 
noxes is 12 tan</i.. Avhile the hypotenuse formed by the shadoAv and gnomon 
is 12 cos(/), AA-here ^ is the latitude. The days are expressed in ghatis and 
palas, of Avhich 60 ghatis=l day of 24 hours and 60 palas=l ghati. 

We thus liaA'e — 


Place. 

1 1 
Latitude. . 

Longest day. 

j Nin^. 


j i 

1 ° 

1 1 

H. M. S. 

[ 


I*. Ujjain ......... 

i 1 

22 1 

' 13 24 0 

' 513 --385 

P. 

37 1 

14 33 3r, 

9 1.5 -600 

II‘, Ahmedabad ........ 

23 

j 

13 32 0 

j .-Km; 783 -391 


For these latitudes the longest days are, to the nearest minute, 13'“ 23"’, 
14'' 37'".; and 13'' 27'". ; and the Avalues of sin <f) are approximately '375, 
•588, -391. The actual latitude of L’jjain is 23° 10' 6" and that of Ahmedabad i.s 
given as 23° 2' N. 


The Projections. 

13. The mathematical principle on AvLich the tablets, including the rete or 
‘ankabut, are constructed is indicated by the term ‘ stereographical ])rojection.’ 
A pole of the heavens is usually taken as the centre of vision and the plane 
of the equator as the plane of projection ; but occasionally one of the equi- 
noctial points is the centre of A’ision and the soltitial colure (he., the great 
circle passing through the soltitial points and the poles of the equator) is the 
plane of projection. 

In the ordinary plane astrolabe (like B and C) the point of vision (Y in 
figures 23 and 24) is usually a pole of the equator and the projection is made 
on the plane of the equator of which ns in figures 23 and 24 is a trace. The 
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type of projection employed is thus polar stereographic, in which circles of the 
sphere usually are circles on the projection, and angles on the sphere are 
represented by the same angles on the projection. 

Let VAiAj be a great circle on the sphere through the point of vision V, and 
let ns lie in the plane of projection. Let AjAa be the diameter of a small circle 
on the surface of the sphere. The projection of this circle on ns will be a circle 
whose diameter is ajag. 


Almucantarats, Celestial Latitude and Declination. 


14. If ns represent the ec^uator then AjAa may represent the diameter 
of a circle of altitude, and its trace ajUs that of an almucantarat. The altitude 
is measured by OA 2 Ai=OAiA,= a, and if VO produced cut AiAj in C then 
YGA 2 =(f) is the latitude. The poles Z and Z' of the circles of altitude are termed 
the zenith and nadir. 


We have Oai=r.tanaiVO=r.tan*^~^- and Oao 
r.tan = rcot - ^ . 


r.tana ^"0= 


When ^^90° — w, (=63| degrees aj^proximately), then AjAo is parallel 
to the ecliptic, i.e., it is a diameter of a circle of celestial latitude ; and when 
^=90 degrees, AiA, is parallel to the equator and is a diameter of a circle 
of declination. Also if z and z' are the traces of Z and Z' we have Oz'=r.tan 

and Oz=r.cot ; and when (^=90°— w, Oz' = r tan " = r.(-208) 

2 2 2 


nearly, and Oz=r.cot^=r. (4-808) nearly ; and when ^=90 degrees, Oz'=0 
and Oz=oo. When a=0° the almucantarat becomes the horizon and Oai — 
r.tan (f>j2 and Oa 3 =r.cot 


Azimuths, Celestial Longitude and right Ascension. 

15. The great circles which pass through the zenith and nadir and cut 

the horizon at right angles are called vertical circles. They mark off on the 

horizon horizontal angles or azimuths and may therefore be called azimuth 
circles. Their projections are circles passing through the zenith and nadir and 
also through the appropriate graduations on the horizon. The projections of 
these graduations are found by joining the corresponding graduations on the 
equator to the zenith ; and the centres of the projected azimuth circles all lie 
on the line bisecting at right angles the straight line joining the zenith and 

nadir. Circles of celestial longitude are particular cases of azimuth circles for 
,^—90° — w ; and circles of declination, which in the projection are straight 

lines, are also particular cases for ^=90°. 

Figure ‘25 shows the plane of projection, which is here in the plane of the 
equator. Since Oe=OV and the angles eOai and ^'Oai are both right angles, we 
have the angles Oeai and OVai equal, and also the angles Oeaj and OVaj equal, and 
the angle s0di=90° — ‘2aiVO=(</>-a)+ 90° and sOd2=90° — 2a2VO=(0-|-a) — 90°. 
This gives a geometrical construction for the almucantar, of rvhich aja^ is a diameter. 
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But in practice it is perhaps more convenient to calculate the radius of 
each circle (r') and its distance (Oc) from the centre of ]irojection, 0. We have 


Oai 


r.tan 


<f) — a 


Oa.i 


r.cot 


2 ^ 


where r is the radius of the equator, and 


r'=(0ai-h0a2 )/2 ; and Oc— r' — 0ai=0a2 — r. The following table gives certain 
values for r' and Oc for the particular cases when the almucantarats become 
circles of latitude and declination, (for r=100). 



a=-30^ j 

i 

^20= 

— K/ 

fr 

-f-10^ 

-20- 

~r30"^ 

^4(j- 

~50' 

(/»=90"— W 

t 

1 

^Oc — 95*6 

lr' = 21T-6 * 

1 

69*2 ' 

53*6 

43*4 

36*4 

31*6 

28*00 , 

25*4 

23*6 

163*2 , 

132*4 

109*0 

90*2 

75*6 

61*0 

49*0 

28*0 

(^ = 90', Oc — o 

I 

r'=173*2 j 

142*8 

i 

119*2 

! 100*0 

83*9 I 

70*0 

5 < • / 

i 

46*6 

36*4 


16. The ‘ankabut and tablets of the ordinary astrolabe such as B and C 
are all constructed on the basis of polar projections as described above ; but 
the obverse of A (figure 7) is a general projection so constructed as to avoid 
the necessity for special tablets for each latitude. One such general projection, 
attributed to Ibrahim b. Jahja al-Xaqqas, known as al-Zarqrdi (Arzachel), is 
described in my Astronomical Observatories of Jai Sin(j¥ ; but the projection on 
A differs from that inasmuch as it is made for use with an ordinary polar 
projection Ankabut. The obverse of A may therefore be described as a general 
polar projection. From one point of view it is connected with the tablet of horizons. 

In figure 27 let VAA' re])resent a sphere and let A’ be the centre of vision of the 
jmojection. The plane of projection aoa' is parallel to AA' which is at right angles 
to VO. If AA' represent the equator then \ and o are the poles of the equator. 

A portion of the projection of the sphere is shown below the line aoa' and 
this is exactly the same as that on the obverse of astrolabe A (figure 7). Tliree 
sets of circles are projected viz., (i) small circles at right angles to the equator 
and parallel to the ])lane of the solstitial colure ; in figure 27 one such circle 
is lettered b, bg ; (ii) ])arallels of declination which are small circles parallel to 
the plane of the equator and concentric with the pole, e.g., bj /3 b' and a a a' ; 
(iii) great circles passing through the equinoxes, which under certain conditions 
may be regarded as horizons, and one of which may be regarded as the ecliptic ; 
examples in figure 27 are a a a' and a ^ a'. The uses of (ii) and (iii) are fairlv 
obvious, but at present I cannot indicate definitely the use of (i). Similarlv, 
although it is not difficult to reconstruct the projection shown in the upper half of the 
reverse of A (figure 2). I do not, at present, understand exactly how it was utilised. 


The Hour Lines. 

17. The division of the day was two-fold : (i) the time from sunrise to 
sunset was divided into twelve equal parts, called temporal or unequal hours, 
since they change in length from day to day and vary with the latitude ; (ii) 
the whole day and night was divided into 24 equal, or equinoctial, or clock 
hours. This latter is the time division now practically followed in most coun- 


* P. 27 & Figs. 20 & 21. 
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tries, but there is still divergence as to the starting point : some reckon from 
midnight (civil time in most countries), some from midday (until quite recently 
western astronomers), some from sunrise (c.^/., the [Muslims and Hindus). 

The astrolabe makers generally reckoned from sumise, and. as their In air 
lines are generally (but not always) drawn below the horizon, the initial point 
is that point of the horizon marked al-tnaijhrih, ' the west,' e.g., in figures 13, 
14, 19, etc. (D to G in figure 16. according to the time of tlie year).^ 

On the astrolabe the unec[ual or temporal hour lines are circles passing 
through points on the ec[uator and tropics so as to divide that portion of each 
that is below the horizon into twelve ecjiial parts. Tlie circles of the e(jual 
hours divide the whole of the ec|uator into twenty-four equal parts, and the 
portion of the tropic of Capricorn (DEF in fig. 16) below the horizon into ])arts 
corresponding to the longest day. and the similar jiurtion of the tropic of (fancer 
(GKL in fig. 16) into parts corresponding to the shorte.st day. Thus, in figure 
16 which shows a tablet for latitude 23", there are thii'teen equal divisions on 
the tropic of Capricorn with a remaining jrart corresponding to 2.5 minutes — 
since the longest day is 13 hours 25 minutes ; and the portion of the tropic of Cancer 
below the horizon is divided into ten equal parts with a remaining part equi^■alent 
to 35 minutes — since the shortest day for latitude 23^ is 10 hours 35 minutes. 

On the reverse of astrolabe B (figure 4) the left toji quadrant is oceiqued 
by a graphical representation of the unecjual or temjioral hours. The diagram 
shown as figure 26 explains how this was used. The hour circles ABO. BO. 
CO, etc., cut the arc EA at intervals of 15 degrees and all pass through the centre 
0. The midday hour line is ABO and each of the other lines corresponds to a 
certain number of hours before or after noon but are numbered as from sunrise. 

If AOR is the noonday zenith distance of the sun and if AO() is the 
zenith distance of the sun at any instant, then Q, the point of intersection of 
the altitude line and the arc passing through the point of intersection of the midday 
hour circle and the noonday altitude line, indicates approximately the tenqioral 
hour. (Q here lies nearly midway between the hour lines DO and CO, i.c., within 
the 3rd morning hour space counting from sunrise, or the 10th. in the afternoon.) 

In figure 26 the arc PQO is such that PS=SO, and if the angle .SO() were 
a multiple of 15 degrees then PQO would be a temporal hour line. Let the 
angle ROA^z,,, the angle Q0A=z, and the angle POA=d. We then have 
PS=r/2cos^, OQ=2P»S'cos3, OP=r.cosr,„ from which, since 0Q=0R, we get 

COSZ=COS 0 . COS3n=COS 9 . COS 

= cos 6. cos (f). cos S+cos 0. sin 0. sin S (i) 

But we should have 

cosz=cos7o cos (f). cos S+sin^ sin S (ii) 

and (i) is not strictly true. But, if 0 =4, the difference between (i) and (ii) is sin (f) 
sin S(cos/i — 1), which disapjiears when ^=0. Formula (i) and the construction on 
the astrolabe to which it corresponds is, therefore, only applicable to low latitudes . 2 


1 This reversal is a matter of convenience only, since the upper portion of tlie tablet is generallv fully 
occupied with almucantars and azimuth line:^. 

2 See Dei,ambre Asironomie du moyen age, p. 243 
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D. Celestial Sphere, dated A.H. 1087. 

18. The brass sphere is 6-5 c.m, in diameter and is supported in a stand 
as shown in figure 9. It was made in A.D. 1676; 7 and is inscribed thus — 
‘amala ahqar aribad Did al-Diii 3Iuhammad ibn 31ulld Qasun 
31uliammad ibn Hafi- ‘ Isd ibn Shaikh Alldhddd, Humdyuni ; 

Sana 10873 

The stand is graduated horizontally only. The four cardinal points are 
marked, and from the east and west points graduations for every two degrees 
run right and left ; and these are numbered in the abjad notation in groups of 
six ujD to 90 degrees. The detachable vertical circle lies north and south, and 
the sphere was pivoted to it through the ec|uatorial poles ; but the axis or pivot 
is now missing. At the north and south of the horizontal circle are grooves 
in which the pivots could also fit. The detachable vertical circle is not grad- 
uated and has the appearance of being of later make than the sjjhere itself.^ 

On the sphere are inscribed the positions of 92 stars of which all but eleven 
are named. Also the circles of longitude for each 30 degrees and the ecliptic 
and equator are given. The ecliptic is marked rvith the usual signs, and each 
sign is graduated and the graduations are numbered from six to thirty ; while 
each quadrant of the equator is graduated and numbered from six to ninety. 

The names of the signs are — 


al — Hamal — Aries. 
al-Than r — T aur us . 
al-J auzd — Gemixi. 
al-Sa ra tan — Cax cer . 
al-Asad — Leo. 
al-Sunbulah — Viroo. 


al-3Ilzdn — Libra. 
al-‘Aqrab — Scorpio. 
al-Qans — Saoittarius. 
al-Jadl — C.IPRICOR^■us. 
al-Dahc — Aquarius. 
al-Hdt — Pisces. 


The position of each star is indicated by a dot enclosed in a small circle, 
thus : © ; and in most cases the names are quite clearly engraved. The names 
of the stars with their jiositions on the sphere are given below ; and, in the 
cases of the stars that can be identified, these positions are compared with 
those given by Ulugh Beg. 

In order to test the accuracy of the sphere and also as a check on the 
calculations made in paragraphs 5 and 7 above the age of the instrument was 
recalculated by utilising the same nine stars as were employed in paragraph 5. 
From Ulugh Beg's time (A.D. 1437) the average precession of these stars is 
approximately -f3"^ 9', which corresponds to about 227 years, and the result- 
ing date is 1437-f 227=A.D. 1664. as compared with 1676-1677 given in 
the inscription. 


1 The work of the humblest of men, Dia al-Dln, etc.’’ Thia is inscribed on the sp here itself around 
the south ix)le. 

^ The lower support is broken and the sphere has been patched in three places. One of these inlaid 
patches is 2 c.m. by 1*5 cm., another is 1-2 c.m. square, and the third is a small circle of 2 mm. dia* 
meter. 
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Xame on sphere. 



Modern name. 



On sphere. 

Ulugh Beg. 







Long. 

Lat. 

Long. 

Lat. 

Baily. 








0 


a . 

o / 


1. 

Janah al-Faras^ 

. 

88y Pegasi , 

• 

• 

0} 

+ 13 

1 22 

+ 12 24 

314 

2. 

Sarat al-Faras 


s 

Peg. =21a XnA., Alpheratz 

11 

+26 

6 28 

+25 21 

313 

3. 



43 

Andromedae, Mirach 

• 

27 

+2o 

23 13 

-r25 26 

344 

4. 

Akhr al-Xahar . 

• 

e 

Eridani 

• 


19 

— 55 

15 40 

— 53 45 

802 

5. 

Masaf rl-Xahar 

• 





? 

—55 




6. 

Sadr al'Qitus , 

• 

S9r) 

Ceti 



29 

— 20.V 

26 43 

—28 51 

719 

7. 

Muqadam al-SIiaratin 

• 

oy 

Arictis, Me^artim 



29 

+ 6.1 

26 13 

+6 36 

360 

8. 



6/3 

Arietis, SJiemtan 



30 


27 7 

+ 7 51 

361 

9. 

Kaf al-Khadib . 


11/3 

Cassiop^a?, Chapli 



30J 

+50} 

2^; 1 

+ 50 48 

188 

10. 

Fam al-Qitus . 


86y 

Ceti 



36 

—12 

32 10 

—12 18 

711 

11. 



IK 

Pcrsei . 



50 

+40 

36 19 

+40 0 

190 

12. 

Ras al-Ghul 


263 

Persei, Algol . 



51 

+ 19} 

48 55 

+ 22 0 

201 

13. 

Tali 


34y 

Eridani 



50 

--34 V 
" 

46 40 

—33 15 

778 

14. 

al-Diira'i . 


35y 

Cepliei . 



56 

+63}- 

55 31 

+ 64 30 

?76 

15. 

Mirfaq al-Thuraiya . 


33a 

Persei . 



59 

+29 

55 19 

+29 21 

196 

16. 







56 

—.39 ‘ 

i 



17. 

‘Ain al Thaur . 


87a 

Tauri, Aldfharan 



66 

— 5} 

62 31 

— 5 15 

391 

18. 

Rijl al-Jauza, isri 


19-3 

Orionis, Rigel 



'I- 

—30 i 

69 25 

—31 18 

764 

19. 

Mankib al-Jauza, Isri 


24y 

Orionis . 



75 

—16 

73 34 

—17 15 

733 

20. 

Haqadi, sahabi 

1 

39X 

Ononis . 



79 

—13} 

76 31 

—13 30 

731 

21. 

‘Ahniq 

1 

13a 

AurigcO, Capelin 



79 

+23} 

74 43 

i 

'+22 42 

i 

221 

22. 

al-Jadi 

! 

) 

la 

Ursi'e min. 



81 

-64 

80 19 

1 

+66 27 

1 

23. 

Mankib al-Jauza, yumni 


58a 

Orionis . 



85 

—16 

81 13 

— 16 45 

732 

24. 

Rijl al-Jauza, yumni 


53k: 

Orionis . 



84 

—31} 

78 40 

—33 21 

?768 

25. 

Mankib al-‘annaz’ 


343 

Aurigse, Mankalinan 


88 

+21} 

83 52 

i 

+ 21 30 

222 

26. 

al-Suhaii . 


I 

a 

Argus, Canopus 

. 


96 

— 75 

95 51 

!— 75 0 

889 

27. 







' 99 

+23} 




28. 

Shi‘ri Yamanlh 


9a 

Can. maj., Sirius 

• 


99 

— 40 

96 19 

—39 30 

815 

29. 

Ras Tawam, al- muqadam 


66a 

Geminorum . 

• 

• 

106} 

-^9 

102 43 

+ 9 54 

1 

421 

30. 

Shi‘ri Shamili . 

• 

10a 

Can. min,, Procyon 

• 

■ 1 

110 

—19 

108 23 1 

—1(5 0 

! 

845 


^ For the meanings of the .\rabic names see the annexed glossary. 
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^ModcTii name. 



1 Ox s 

rilLRE. 

Ul.L'lOI Beo. 

Xo. in 
Bady. 

Name on >phere. 





' Liuiii. 

Lat. 

LiUlg. 

j Lat. 








- 


1 

i 


31. Tarafat al-r^^atiiiuXli 


lie 

Argil N . 



121 

—42 

110 16 

1 

i 

-42 42 

846 

32. JIa-laf, .■,ahal.i . 


41e 

Caucri. 



122 \ 

1 

■4 

119 4() 

1 

1 -1 0 

446 

33. Ras al-A.'^ad 


24/x 

Leoiii '5 . 



137 

—12 

133 25 

—12 21 

t 

461 

34. Anwar al-Farqadiii . 



UiMv min. 



126 

-711 

125 25 

-r73 0 

r> 

33. 


y 

.. 



138 

-73 

133 55 

-75 0 

i 

30. Qaib al-A^ad . 


32 a 

Leonid. Rcgultis 


• 

145^ 

_ 1 

4 

142 13 

-0 0 

466 

37. Fard aI-Shuja‘ 


30 

Hydr:c . 



141 

00 1 

130 31 

—22 30 

002 

as.’^ 

1 


^ .70a 

UrsLU Jiuij. 



13J 

-48 

127 25 

-49 24 

24 



' 48d 

57 ?> • 


* 

133 

-44 

131 37 

-45 0 

25 

1 

40. 1 

1 


64y 




146 

-46 

142 31 

-47 15 

27 

41. ^al-Banat al-Xa’di . 

1 


fioS 

? • 



148 

--.50 

143 25 

-51 30 

26 

42. i 

i 


77e 

, 



151 

- 53 

150 31 

-54 0 

33 

43. 1 
! 


TOC 




162 

- 55 

1.78 4 

-f-56 12 

34 

44.j 


s.j>7 




173 

-52\ 

ICO 10 

-54 9 

35 

45. "Unq al-Sliuja’ 


30V 

Hydrio . 


. 

151 

-25 

148 10 

—26 0 

?0o3 

46. Zahr al-A^^ad . 


68S 

Leoins . 


. 

1.76 

-131 

153 28 

-14 0 

478 

47. Sadd al-Asad . 


15 

Com. Ber, 


- 

170 


166 4 

-28 12 

401 

48. Sarfah 


04, d 

Leonis . 


• 

172 

-111 

163 40 

+ 12 0 

48.7 

40. Qa'idat al-Batili 


7a 

Cratcri-? 



168 

00 

165 55 

-22 42 

008 ?018 

50. Jaiiah al-Ghurab 


4y 

Corvi 



186 

—15 

182 46 

—14 18 

1 

028 

51. Minqar al-Ghurab 


la 

Corvi 



188 

—22 

184 13 

—22 0 

025 

52. Miifrad ahRamih 


S7] 

Booti8 . 


• 

106 

■ -i-28 

101 43 

+28 0 

107 

53. Simak al-Ramih 


16a 

Bootis, Arct^irvs 



202 

d 32 

196 31 

-31 18 

no 

54. Simak ah‘Azal 


67 a 

Virginis, Spica 



200 

—11 

106 10 

—2 U 

507 

55 Ras al-‘awa 


?4oS 

Bootis . 


. 

202 

-^.731 




56. 






208 

■ —23 


j 


57. 






211 

-—^2 


i 

1 


58. 


Oa 

Libra? . 

. 

. 

220 

1 

217 52 

+0 45 

526 

50. Kaffa 






225 

-^11 




60. ‘Unq al-Haiya . 

• 

27X 

Serpent is 

. 

. ' 

228 

^ 4-26 

224 28 

-f 26 39 1 

268 

61, Miza Fakkah . 

• 

5a 

Corona? Bor., Alpherca 


210 i 

1 

i 

' +45 ■ 

214 34 

i-44 30 ! 

1 

111 
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Xcime on sphere. 

Modern name. 

Ux 

Loiiii; 

sPiiEKE. 

Lat. 

Ulo 

Lone 

(Oi Bh(;, 

Lat. 

X"u, in 
Rajiv. 

62. Ras ahSabii* 

o Lnpi .... 

228 

— 3n} 

C / 

223 2. 

3 / 

3 

060 

63. 


237 

-637 

1 



64-. Rijl Qautiurii^ 

ct Centan 

241 

—42 

' 238 1 

-41 10 

966 

6.'>. 

o DracMiins 

244 

731 

213 1 

73 30 

46 

66. Ras Tinniii 

. 8-7 i Here nils 

233 

681 

232 53 

-66!) 13 

137 

07. R’s al-Jathi 

64a Horcnli^, iirts //i^' 

230 

-381 

247 .73 

-37 !) 

110 

68. (Jalb al-'Aqrab 

21a Scorpii ^i/ifarrs 

243 

—41 

242 1(1 

—4 .30 

550 

66. 

37>^ b)pll Urlll 

233 

"01 

23^) .37 

— 6 43 

243 

TO. Ras al-Mijmarali 

C Aivu .... 

233 

— 36 

2.-)i) 31 

—34 0 

004 

71. Ruj? al-naw\\a 

. 33a Opliiiidii 

260 

-637 

2.73 13 

-3.7 31 

232 

72. Sliaulali . 

. 33 A. S<‘oiqjii .... 

260 

—13 

2.7.7 ,75 

— '13 .3.3 

562 

73. 

(T Ava- .... 

26)0 

22 * 

2.)7 21 

— 22 40 

088 

74. 


274 

—1"' 




7-7. ’Ain al-Raini, sahabi 

. y S.ieottarii 

278! 

-1 

273 7 

-0 4.7 

•774 

76. Xa^?r Waqi' 

. 3 a Lyra*. Vifja . 

282 

-f 621 

278 10 

^62 0 

148 

77. Rakbah abRaini 

a Saydttarii 

282 

—10 

278 43 

—18 36 

500 

78. 

17^ AquiLe . 

20( ) 

-636 

282 31 

-^36 15 

?2!)2 

70. 

I'> Sairittarii 

204 

—23 




SO. Xa&r Tail* 

. 53a AipnLe, Alfdir 

2‘»S 

6-28 

204 10 

-20 15 

286 

8J. Minqar al-Dajajah . 

. rzir] Cyj^ni .... 

302 

, -630 

303 16 

-.74 .30 

?I60 

82. Zanab al-Hut . 

' K Rise. Autit.= Gniis 

313 

—23 

310 2.7 

—2.3 1.7 

1018 

83. 


310 

-L28 


1 


84. Zanab al-Jadi . 

40 y Caprieorni 

310 

~3 

314 13 

—2 30 

(>20 

83. Fain al-IIut 

. a Pibc. Aust. Fomalliaiii 

323 

22 




86. Fam al-Faias . 

. Se Pe,<iasi .... 

328 

-1-24 

324 28 

^-22 0 

320 

87. Zanab aI-Dajaja]i 

o) C'yjrni .... 

333 

6-63 

3.32 10 

-664 21 

174 

88. 8aq 'sakib al-inali 

. TbS Aqiiarii .... 

333 

—71 

33 1 .73 

—8 18 

643 

89. Ivlatn al-Faras . 

. 34 a Peerasi .... 

340 

-610 

343 .73 

6-10 0 

316 

00. Batn al-Hut 

SK Piseium 

340 

-4 

34.7 16 

'r4 0 

67(» 

91. Mankib al-Faras 

338 Recall .... 

334 

6-30 

3.71 37 

4 30 51 

315 

02. 

8t Ceti 

337 

—11 

333 33 

-10 30 

720 

93 Zanab al-Qitus 

. 160 Ceti . . . . ‘ 

338 

—21 

333 23 

—21 0 

730 


D i 
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GLOSSARY 


aK‘Abur 

*ain 

<aiyuq 

akr 

<anaz . 
^ankabut 

anwar . 
•aqrab 
‘ard 
asad 

‘awa 

‘azal 

banat , . 

batlyya 

batn . 

dabaran 

dajajah 

dalwa . 

dubb 

dura^at 

fakkah 

fam 

farqad . 
faras . 


fard 

ghul 

ghumasia 
ghurab 
haiyat . 
hamal « 
haq^at 
hawwa. 


. Sirius. 

. ' eye ’ ; 'a in al-rdyni, v Sagittarii ; ^ain al-thau)\ a Tauri or Aldebaran. 

. " goat ' ; a Aurigae, Capella or Alhaiot. 

. ^ last ’ ; dkkir al-nahar, 6 Eridani. 

. ‘ goat ' ; mankib al ^anndz, S Aurigae. 

. 'spider'; the star tablet of an astrolabe; aranea, alliaucabuth ; soo also 
sh ubakah. 

. ^brighter' ; cniivar al-Farqadln, /3 Ursse Min. 

. ‘ scorpion' ; al-^aqrab, the sign Scorpio ; qalb al-^aqrab, a Scorpii or Autares. 

, ‘ latitude ' ; ^ard isiuivd, zero latitude. 

. ‘ lion ' ; ahasad, the sign Leo ; qalb al-asad, a Leonis or Regulus ; rds al- 

asad, [M Leonis. 

. 13th manzil, rds al-'awd, ? S Bootis. 

, ^ unarmed ' ; al-'azah a Virginis or Spica, 

. ‘ daughters ’ ; al-bandt al-na'sh, Ursa major. 

, ' small cask ' ; qd'idat aUhafllL a Crateris. 

. ‘ interior ’ ; batn ahh id, k Piscium. 

. ‘ the 4tli manzil (a, 6, y, S, e Tauri) ; a Tauri or Aldebaran. 

. ‘ fowl ’ ; Cygnus ; niinqnr nl-dajnjnh, ? rj Cygni ; zmiab al-dajdjah, o Cygni. 

. ‘ jar ’ ; al-dalw, the sign Aquarius. 

. ‘ bear ’ ; yad al-duhb, t Ursse Majoris. 

. ‘ cuirass ’ ; al-durai, ? y Cephei. 

• bowl ’ ; cd-fal'Jcak, a CoroUcC Bor. or Alphecca. 

. ‘ mouth’ ; fam al-fnras. eFegasi ] fam al-hlt, a Pise. aust. or Fomalhauc 
fam al-Qitus, y Ceti. 

. ‘ calf ’ ; du. farqadan, p and y Ursa3 mill. ; anwar al-farqadui, 3 Ursai miu. 

. ‘ horse ’ ; faw al-faras, e Pegasi ; jnndh al- faras, y Pegasi ; sarat al- faras, 

a Andromedse ; the wedge that fastens the parts of an astrolabe 
together. 

. alone ' ; fard al-shujd\ a Hydra) or Alphard. 

. demon ' ; rds al-ghul, 3 Persei or Algol. 

. Procyon or a Canis minoris. 

. ‘ crow ’ ; jancih al-ghurdb, y Corvi or Alghorab ; minqdr al-ghurdb, a Corvi. 

, serpent ; anq al-haii/ah, 3 Serpeiitis. 

. ‘ ram ' : al-hrunal, the sign Aries. 

• three stais in the head of Orion ; here X. Orionis, 

. ' snake charmer ' : ras al hawwa, a Ophiuchi, 



hut 

Mdadah 

Isri 

jadi 

janah . 
janiibi . 
jathi « 
al-Jauza 

ka‘b 

kciff 
khadib 
al-maghrib , 
ma 

ma‘iaf . 
mankib 

manzil 

al^mashriq 

matn . 

mijmarah 

minqar 

mirfaq 

mizan . 

mufrad 

muqaddatn 

muqantar 

muri 

al-nahar 

na‘sh . 

nasr 

qadam 

qa«ldat 

qalb 

Qantaurus 
qaus 
Qltus . 
qutt> , 
ramT 
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‘ Hbh * : al-lint the <iyn Pieces : laht (d-htV Fomalhair oi a Pise. aust. ytnab 
(d'/iCit, K Pise. Aust. 

' post ‘ : alhidtde, sighter. 

’ left 'ide ‘ ; see p and y Orioiiis. 

’ goat ' ; nJ-jadl^ the sign C a})i‘icornus ; also a Ursa? luinoris : zanah al- 
jadK y Ccipricorni. 

*' wing ‘ : jtfHidi al-faras y Pegasi : j^nddi fd-gltindd), y Corvi or Alghorab. 

* south. ' 

Hercules (as the kneeliiuj^ one) : /77.> ahjflfhl, a Hereulis. 

the sign (.leinini ; the constellation Orion ; nmnJcih nl-j<nrM> a and y Orionis ; 

rijl <d-ja>izd. d and k Orioiiis. 

' ankle bone * : hdb id darns / k Pegasi. 

' hand ‘ ; k fjj (d -khadib, p Cassiopeia?. 

" died red ’ bloody ' : kijf a I- khadib S Cassiopeia. 

' the west.* 

‘ water ' ; saq snklh al-rnd, 8 Aquarii. 

‘ manger * : e Caucri or Pravsefie. 

■ shoulder * : wankib id-faras. d Pegasi : mankib (d-j inzd a <lrionis ; )nankih 
(d-'annaz, d Auri'ia. 

' station of the moon A ]>1. tnann'JL 
' the east.* 

' back ’ ; matn qltin^, ^ ^Ceti. 

’censer'; Ara ; rds al-)nijmar(dt, ^ Ann. 

’ a beak * : minrqdr (d-ghardh. a Corvi ; )n)nqdr rd-difjdj(di, ^ 

‘elbow’; mirfaq id-Vniralga, a Persei. 

‘balance*; id-}nizdn. tlie sign Lilira ; inlyf fakkaJn a Cor. Bor. 

‘ alone * : )nafrad aJ-rdnvh. rj Bootis. 

‘ preceding ' ; }naqaddam aUsharafln, y Arietis ; rus fau'dm al-nviqaddam a 
Oeminorum. 

‘ resting on arches ' ; maqantardt ‘ bridges ’ ; circles of altitude, 
index. 

‘ the stream ' ; Eridanus : dkhr id-nidmr (Ultima fluvii), 9 Eridani ; inasd 
fd-nahard 

‘ ])ier " : (d -ban at (d-na'shin, Ursa major. 

’ eagle ’ : nasr al-tdl*-, a Aquila? : nasr id-ivdqV, a Lynn. 

‘ foot ’ : qadam ahjaazd, 3 Orionis. 

‘ foundation ’ ; qdddat rd-batlh. a Crateris (Qua? in basi T'rateris est). 

‘ heart ’ : qalb a^-'aqrab, a Scorpii or Antares ; q(db aJ-acad. a Leonis or 
Reg ulus. 

KeVraupo? 

’ bow '* ; fd-qaus, the sign Sagittarius. 

Krjro^ : jam al-qllas^y Ceti : adr aJ-qlfa,^, tt Ceti : zanab al-qluSj 3 Ceti. 

‘ pole ^ : qath jandbl, south pole : qutb shamdU, north pole. 

‘ archer ’ : ^aln al-rdnfi, v Sagittarii (Qiun in oculo est) ; rakhat aUrdmi, a 
Sagittaria. 



ramih , 

ras 


riji 

rukbat 
sa«at 
sabu‘ . 
sadr 
safa ‘ih 
safinah 
sahabi , 

sa‘id 

sakib 

saq 

sari 

Sara tan 

sham . 

shamal 

sharatin 

shaulah 

shaziyya 

shi‘ra 

shubakah 

shuja« . 

simak . 

suhait . 

al-sunbulah 

surrah 

al-tair . 

talf 

taraf 

tavvam 

thaur 

al’thuraiya 
tinnin . 
umm . 
<unq 

usturlab 
waql* . 


Mauce bearer ; sinuil rd-mr/i/'h. a Bootis or Arcruius ; ih>fjrid nl-rri,tnh. 
7 ) Bootis. 

' head * : rds ahn.^tfd . /i Leouis : /d.> al-dorfi, ^ S Bootis. rls aJ~<ihflL I Bei.>ei 
or Algol : rds aj-jdfjn, a Herculis : /■(?.>' (d-^nhfi\ a Lupi ; kIs ftf^rCun fd- 
hiaq(fdd((h(. a 0011111101*11111 : /'d> nj-liffirfni a Ojjhiuchi. 

* foot : I'ijl cil-j(f>(zd. /3 or k Orioiiis : /'/jZ (jin)f'iftriis a Ci^itauri : (ni a^tio- 

labe A rijl=^i Ursc^e iiui]. 

’ knee ‘ ; ytikhat nl-rConl. a Sag it ran i. 

' hours/ 

* beast of prey ' : Lupus : rns al~s(ihn\ a Lupi. 

breast ' ; >^ndr (d-(jltn_s^ / 77 C’ati. 

* plates ' : (siua. talilets of an astrolaiie : sapliia\ 

‘ shiir ’ : tarnfiff fd-^afliKdt. e Argus. 

"cloudy : nebulous; (d-tlmrnnfa . sdhrdjl. ^ Pei>>ei : Voa fd-idf/il S(dn~dj~. 

V Bagittarii ; haqddi snhdbl, X Orioiiis : UHrl/f sa/idJ)! e Caiicn or BrcVsepe. 

' wrist* ; sa'id al-a-^rfd, 15 Com. Bcr. 

‘ one who pours out ’ : (d-sCikd)^ the sign Aipuiriiis. Sl‘o 
^ leg’ : ^aq >^Cdcd} (d-tudlK S Aipiarii. 

V red ’ : ^^arf(df. o Leouis. 

^ crab ' ; (d-sdratn)) ^ the sign Cancer. 

‘ Syria : sln^ra s/n 7 /// 7 // a Can. min. or Procvon. 

‘ north.* 

the 1 st manzi] ( 3 , y Arietis) : )Htfqaddiini <d-sh(/;(/fli/. y Arietis. 

‘ sting of a scorpion ’ ; X Scorpii. 

'small splinter’ : pi. shaidqf/j star pointers on \(i}lnhpt. 

Sirius : sln'ra shdtnlh, Procyon : ^hdr * q^tnidhllL Sirius, 

' net : the star disc of an astrolabe : lete. 

‘ courageous ’ : Hydra : ffird id-shnjd\ a HydreV : 'fmq <d~shnjd\ v Hvdin. 
'above : .sd/a7A* (d-dcfd. a Virginis or Sjiica ; sntfdk (d-ydmdi. a Bonti^^ or 
Arcturus, 

Canopus, 
the sign Virgo. 

' i\avel : snry<di (d~f(//Y(,<t, S Pegasi or a And. 

' the flier ' : a Aquila^ or Altai r. 

' following’ : a])plied to S Arietis and y Eridani. 

' side ' : tarnffit (d-safliudi, e Argus, 
a twin : rds hnrd)t) (d-nvuqftdditnK a Cemi norum. 
bull ; (d-f]H('H]\ the sign Taurus : "an) fd-t])inn\ a Tauri or Aldobara/i 
the Pleiades : nUthif ravfd, \ Persei : }t)irinq al-tlnn ai qd. a Persei. 

' dragon’ : m.v ihnun, ? l Herculis. 

' mother ' : tlie body of an astrolabe ; mater. 

' neck : 'a/y^ fd-sjnfja'. v Hydra^ : dmq (d-haiifif . X Serjieni'is. 

' a.strolabe.’ 

' bdling ' ; ttftnr n]-u'dqT , a Twia or Vega, 
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yad 

yamani 
yumni , 
zabana 
zanab • 

zahr 


. ‘ hand ’ ; yad «Z>dubb, t Ursae maj. ; yad ahjauzd, a Orionis. 

. ‘ of Yemen ’ ; Shi^ri yamdmh, Sirius, 

. ‘ right hand ’ ; see a and k Orionis. 

• ‘ sting of an insect ’ ; the 16th manzil ; a Cancri. 

. * tail" ; zanab al-dajdjah, a Cvgni ; zanab aJ~jadl, y Capricorni ; zanab 

? /3 Ceti. 

. " back ’ ; zalir al-asad, S Leonis. 
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Ahjad Notation- Nasklu. 
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